We developed an auxiliary tool, named "Software Human Reliability Estimator" (SHRE), which in certain cases can replace the polygraph. The polygraph is not always effective in measuring the reliability of a witness. For instance, the polygraph is ineffective when the witness believes that the testimony is the truth even when in reality it is not. In such cases, an alternative objective test is required. Another disadvantage of the polygraph test lies in the lack of discreetness owing to the requirement that the witness must agree to undergo a polygraph test. In addition, the polygraph test cannot be performed in real time because of its cumbersome and bulky nature.
Introduction
The present paper is interdisciplinary in its functions and applications. The computerized linguistic analysis presented here can be used, for example, in the disciplines of law and psychology.
Law, linguistics, and their connection to computers have been previously studied (Cotterill 1968; Gibbons 2003; Shuy 1966; Olson 2004 ). The present article focuses on linguistic analysis of cross-examination texts (Colma 1970 , Salhany 2006 , Glisan 1991 . Part of this paper is about the use of semantic analysis in psychology in that the vocabulary of thoughts is checked. Distorted thought text is characterized by the use of superlatives such as "never". The definitions of distorted thought has been defined and categorized by the developers of CBT (Burns 1999 and Greenberger and Padesky 1995) . These categorizations can be used to automatically recognize and classify written statements by a computerized analysis (Kearns 2000; Knuth 1964 ). This analysis is based, in the first iteration, on the corresponding use of expressions called 'distinguished' words. To find these distinguished terms, which possibly indicate cognitive distortions, quantitative semantics is introduced.
The present article's analysis is based on the title's two main components, namely linguistics and psychology. Linguistics' two main branches, semantics and syntax, were used in the development of a software tool called Software Human Reliability Estimator (SHRE). SHRE can be used as an alternative to a polygraph. The syntax's extended treatment is represented by the following elements: BNF definitions (a computer sciences method using formal languages for defining a computer languages' syntax), speech parts decomposition and parsing tree construction.
Both of the linguistics parts complement each other and they form a validation of the results. Further analysis is done using the program's psychological aspects which estimates the reliability of the individual and the results obtained.
The psychological section, called 'Evaluation', recognizes a cognitive distortion and if required, replaces it by a proposed correction. The correction of the distorted thought isn't generally the purpose of the SHRE, but some of the software's applications may be in guiding the user towards self-improvement.
Semantics: Quantitative semantics preface
The linguistic term quantitative-semantics is widely used in the context of the introduced application. Quantitative-semantics allows for a type of scaling of primarily adjectives and adverbs beyond their common usage.
Quantitative-semantics analysis looks in particular for superlatives such as 'never', which hints at an extreme case. The analysis is based, in the first iteration, on the corresponding use of expressions termed 'distinguished' words, representing distortion thoughts. To find these distinguished terms, one must analyze a syntactic sentence. This should reconfirm the indications iterated in the first stage.
Using computerized sentence analysis, we can quickly classify texts using the semantic-quantification methods shown below. Computerized quantitative-semantics can be used as an auxiliary tool for psychology and for self-psychotherapy.
Cognitive behavioral therapy (CBT) is currently a very popular method among psychotherapists and was the impetus for developing quantitative semantics. Its main advantage lies in its simplicity and in its schematic methodology. These characteristics facilitate the creation of a computer-implemented cognitive therapy model, iCBT ("i" stands for information). iCBT is a computerized CBT that deals with an auxiliary computerized information processing,
The crux of this model lies in finding the person's so-called 'distorted thought'. A distorted thought is a thought that tries to represent reality, but instead gives a distorted or unrealistic result (Burns 1999) . For example, the following sentence represents a distorted thought: A student who has received a grade C concludes "I am a complete moron…". Another example deals with someone who, after quarreling with his girlfriend, concludes: "Girls always spoil the relationship. I will never be able to hold on to a girlfriend…"
Cognitive thoughts may be formulated by the human brain into a natural language, namely, into meaningful spoken or written sentences. Therefore, the analysis of any thought is actually performed on the sentence, the thought's linguistic counterpart. Distorted thought text is characterized by the use of superlatives. In order to help to find them in an analyzed text, the following additional general terms are introduced for better understanding the further formulations.
a.
Human Factor -the aspects that deal with behavioral sciences, namely, psychology and more specifically, CBT -cognitive behavioral therapy. b.
Languages -a natural language is the interface between subconscious thoughts and conscious speech. c.
Measurement -the measurements are performed to evaluate the tested text. The distorted thought is then transformed into its normative counterpart.
Semantics: Quantitative semantics -detailed description
Semantics (Kearns 2000; Ferdinand and Harri 1986 ) is a linguistic area of study that tries to parse the significance of a sentence and its parts. This is one of the required fields in cognitive thought analysis. In order to better serve the needs of iCBT, we will propose some ranking of the vocabulary. This ranking is termed hereafter as Quantitative-Semantics. It is defined as follows: The parts of speech, for example, adjectives, adverbs, and nouns are organized into "family-groups" containing sorted members in the family group. Each group treats some property represented by an abstract noun (or term) such as speed, hunger, and feeling (hot, cold, etc.).
The sorting is done according to the intensity of the meaning of the word in the family-group, starting from a lower intensity, proceeding through moderate words and then to the higher ones. The members of the family-group appear with their attached intensity value.
For example, the sequence of the following words represents the idea: {{cold, -2}, {hypothermal,-1}, {lukewarm, 0, {tepid, 0}, {warm,1},{ hot,2}}.
This ranking will first be presented in BNF notation ( Figure 1 ) with the auxiliary notation ( Figure 2 ), and then its usage will be analyzed. This is only a partial list of a much longer one that is being created to indicate contrast.
Syntax: Defining Bacchus normal form or Bacchus-Naur form (BNF) notation
The BNF method for describing the linguistic characteristics of various distorted thoughts is widely used in defining the syntax of programming languages (Knuth 1964) . This technique will be used in the context of iCBT. Understanding this technique is essential for further understanding this article. 
The BNF methodology is based on using symbols (Figure 3 ) for its notation (Chomsky 1957) .
The sharp-brackets contain the terms to be defined and the terms that already have been defined. The set of two colons and the equal operator define the assignment operator in BNF notation. "|" denotes the alternative operator, as shown in the example 
Syntax: Analysis

(i) Syntactic parts
For the computer to accurately analyze a sentence, the sentence must be decomposed into its syntactic parts. Assuming that the sentence's words are found in a dictionary along with their corresponding part of speech, e.g., an adjective, noun, verb, and adverb, it is possible to classify the sentence's words into their syntactic role within the sentence. Knowing the syntactic function of the sentence's words such as the subject, object, and predicate will help analyze the semantics or the meaning of the sentence. This meaning enables us to automatically recognize distorted thoughts. (ii) Examples A simple sample sentence "The best student is feeling awful" will be analyzed. Initially, the BNF corresponding rules are applied ( Figure 5 ) and the corresponding derivation tree ( Figure 6 ) is obtained using the syntactic-structure method. The usefulness of the BNF notation and of decomposing the syntactic structure will be further discussed. A more extensive example is given by a sample of a cross-examination transcript ( Figure  7) , (Salhany R. 2006, 86-87) . The background story of the interrogation in Figures 7(a-b) is as follows: Alfred Rouse was prosecuted for the murder of an unknown man. His counsel, Donald Fennimore, led him through the various lies he made and asked him to explain each of the lies. The counsel's obvious purpose was to lessen the impact of any crossexamination as to why he had lied. This is similar to defense counsels leading defendants through their criminal records to dampen their effect on the jury before the prosecutor has a chance to raise any part of the record against the defendant.
Norman Burkett, who prosecuted Rouse, decided directly to raise the issue of those lies in his first questions.
Even with the advance preparation of the defendant by the defense counsel, the counsel cannot foresee the prosecutor's questions and therefore the defendant is forced to improvise answers and then falls in the trap laid out by the prosecutor who uses sophisticated questions. The answers of the defendant will be analyzed by the methodology introduced next.
The shown cross-examination ( Figure 7) illustrates the witness's distortedthought through his use of expressions such as always, never, which are extreme-time expressions, indicating a "minimization and magnification" distortion type (Figure 1) . The presented technique is even more effective in analyzing the character-evidence, which is composed of longer texts with fewer interruptions.
(a) 
Evaluation: Identifying cognitive distortion
The Quantitative-Semantics (QS) and the BNF notation defined before enables the analysis of the sentence's meaning. Such analysis is essential for identifying thoughts having cognitive distortion. The structure (BNF) and the evaluation of meaning (QS) reinforce each other. Namely, BNF enables a more accurate way of classifying the sentence's words into their corresponding QS categories (Figure 8 ). In addition, conversely, the first-iteration of the sentence's word classification may improve the first decomposition.
Statistical tools, whose usage is demonstrated by describing the treatment of mental filter cognitive distortions, support the above analysis.
The next relevant step in identifying cognitive distortion thoughts (Apostolico and Galil (Editors) 1997, Navarr 2002 , Charras 2004 ) is to discover whether the analyzed sentence belongs to one of the known categories in the bibliography (Burns 1999) of cognitive distortion thoughts. The thought distortions are generally recognized by using the external-terms (superlatives) introduced in section 3 in a special context, or by constructing a special sentence.
Some of the known distortions ( Figure 9 ) will be listed below and their linguistic (semantic and syntactical) properties will be noted. A template (1) may determine this type of distortion.
(
1) ~ <maximal-term> , [<cause-connection>] I am( <minimal-still-term> | <negative-label-affront>)
The following example shows the essence of the above template (1.): "I received a grade of 85 in the examination. I am a complete fool; how could I make such a mistake?" (ii) Overgeneralization This type of distortion may be determined by a template (2) using the <timing-term> notations taken from Figure 1 and with the <event> notation, which denotes a sentence describing some kind of event.
(2) <overgeneralization-distorted-sentence> ::= <maximal-timingterm><negative-event> | <minimal-timing-term> <positive-event>
The following examples use the overgeneralization class of thoughts: "I always fail the examination." "I never succeed in passing the examination." This definition can be improved by finding a more general determination of subject I.
(viii) Should statements
To treat the distortions based on should statements, we will perform pattern matching (see (Apostolico and Galil (Editors) 1997; Navarr 2002; Charras 2004) ). The template <sharp-conscientiousness> is related to the subject (the syntactic-part of a sentence), where the subject is referred to in first-person such as I and me. (ix)
Labeled and mislabeled Labeled and mislabeled sentences constitute a class of distorted sentences containing the <negative-label-affront> attached to an object (syntactic-part of a sentence). This object relates to the second or third-person (speech-part).
The difference between the Labeled-terms and Mislabeled-terms lies in the degree of the reliability. The mislabeled-term group members indicate the existence of distorted thought, whereas the members belonging to the labeledterms are candidates for causing disturbances through cognitive distortions. It all depends on the context in which the terms are used. The tree-structured analysis is helpful in analyzing such a context. (x) Personalization The cognitive distortion category, Personalization, is treated according to the developed iCBT methodology. Additional items in the Personalization list should be treated as the others. This list should include the following expressions: self-blaming, negligence, fault, and responsibility. This is achieved by defining the template that treats the Personalization type of cognitive distortions.
Evaluation: Identifying cognitive distortion thoughts
The summarized procedure mentioned previously is given herein. The QuantitativeSemantics (QS) and the BNF notation defined before enables the analysis of the sentence's meaning. Such an analysis is essential for identifying thoughts having cognitive distortion. The structure (BNF) and the evaluation of meaning (QS) reinforce each other. Namely, BNF enables a more accurate way of classifying the sentence's words into their corresponding QS categories (Figure 8 ). In addition, conversely, the first-iteration of the sentence's word classification may improve the first decomposition. Statistical tools, whose usage is demonstrated by describing the treatment of Mental Filter cognitive distortion, support the above analysis.
The next relevant step in identifying cognitive distortion thoughts is to parse (Apostolico and Galil (Editors) 1997; Navarr 2002; Charras 2004 )a given transcription of thoughts to determine whether the analyzed sentence belongs to one of the known categories in the bibliography [2] of cognitive distortion thoughts.
The thought distortions are generally recognized by using the external-terms (superlatives) introduced in section 3 in a special context, or in a special sentence construction.
Some of the known distortions ( Figure 9 ) will be listed below and their linguistic (semantic and syntactical) properties will be noted.
All-or-Nothing Thinking A template (1) may determine this type of distortion.
(1) ~ <maximal-term> , [<cause-connection>] I am( <minimal-still-term> | <negative-label-affront>)
The following example shows the essence of the above template (1.): "I received a grade of 85 in the examination. I am a complete fool; how could I make such a mistake?"
Overgeneralization This type of distortion may be determined by a template (2) using the <timing-term> notations taken from Figure 1 and the <event> notation, which denotes a sentence describing some kind of event.
(2) <overgeneralization-distorted-sentence> ::= I <maximal-timingterm><negative-event> | I <minimal-timing-term> <positive-event>
The following examples use the Overgeneralization class of thoughts: "I always fail the examination." "I never succeed in passing the examination."
Mental filter This cognitive-distortion causes the person to perform a so-called selectedabstraction. Here the template would be (3): (3) [because] <negative-event> , <negative-relation>
Example: "He laughed at her; that person is very cruel."
In order to identify this distortion, the tone can use statistical methods (Stockburger 1996) to find significant use of negative-relations in comparison with moderate-relations from the same person. The rate given may be compared with the rate known in the person's milieu (community/population).
(iv)
Disqualifying the positive Here, the template consists of two components (4), where a <positive-event> generally describes a sentence in which the event yields a positive outcome for the subject. (ix)
The difference between the Labeled-terms and Mislabeled-terms lies in the degree of the reliability. The mislabeled-term group members indicate the existence of distorted thought, whereas the members belonging to the labeledterms are candidates for causing disturbances through cognitive distortions. It depends on the context in which the terms are used. The tree-structured analysis is helpful in analyzing such a context. (x) Personalization The cognitive distortion category, Personalization, is treated according to the developed iCBT methodology. Additional items in the Personalization list should be treated as the others. This list should include the following expressions: self-blaming, negligence, fault, and responsibility. This is achieved by defining the template that treats the Personalization type of cognitive distortions.
Evaluation: Correcting cognitive distortion thoughts
After discovering the distorted thoughts and recognizing them in the transcribed text, the psychotherapist may suggest some corrections (Burns 1999) in the original text. This operation may be partially computerized using known algorithms in the field of the string/tree pattern-matching (Apostolico and Galil (Editors) 1997, Navarr 2002 , Charras 2004 , Gawne-Kelnar 2008 .
The proposed computerized CBT is intended to give the intended individual an opportunity to achieve gradual self-correction by choosing the appropriate expression from a list of proposed moderate-expressions (Figure 1 ) and substituting it for the extreme expression. The iCBT can automatically perform such substitutions and show the user the computer's solution.
Concluding remarks
The whole cycle of the iCBT is schematically described in Figure 8 . It should be emphasized that the adjectives and adverbs may be categorized into two classes: superlative and mild.
(i) Superlative The superlative class is a class in which the terms can be categorized very easily, suggesting some cognitive-distortion. This class contains expressions such as impossible or never. (ii) Mild The Mild class contains expressions that express some doubt. Statistically, they more accurately describe reality (Burns 1999 ) and they may be substituted for the superlative counterparts. This class contains expressions such as improbable or seldom.
The iCBT (Computerized CBT) (Ophir 2012 ) is a kind of bibliotherapy (Weld 2009 ) that uses reading as a therapeutic treatment method. The presented methodology, together with transformational grammar (Chomsky 1957 ) (supported by statistical methods), transforms an affirmative sentence into an interrogative one, upgrades the reading to an interactive collaboration between the software-system and the user-client.
The advantages of iCBT over bibliotherapy lie in iCBT's adaptiveness and therefore, it responds more accurately to the client. In the future, an improved humancomputer relationship using audio devices enabling voice recognition instead of the textual input devices will be used. These types of devices can be termed media user interface (MUI) instead of the current graphic user interface (GUI), and will also include audio and other media possibilities.
A further suggestion is that future SHRE developments should quantitatively compare the SHRE results with that of the polygraph. A simple test would be to organize a group of volunteers who would be asked questions by the polygraphs operator. The answers given by the subjects would then be transferred to the software reliability tester and the evaluations can be compared with the polygraphs conclusions. It would be interesting to see the correlations between the conclusions of the two concepts: polygraph versus the SHRE.
